Abstract
Introduction
Ferrofluids refer to the colloidal suspensions dispersed of the strong magnetic nanoparticles in certain carried liquid. Applied in the magnetic field, magnetic particles form a chain, orderly arrange along the direction of the magnetic field, creating optical anisotropy. Researches have been carried out on light transmission change and resilience of magnetic nanoparticles under the effect of the magnetic field [1] [2] [3] . Based on that [4] , the paper is to make a comparison of the field-induced effect of light transmission for weak magnetic ZnFe 2 O 4 ferrofluids, FeOOH ferrofluids and FeOOH-ZnFe 2 O 4 binary ferrofluids, as well as to present the rule and mechanism of the field-deduced light transmission.
Materials and Methods

The Preparation of Samples
The ZnFe 2 O 4 and α-FeOOH nanoparticles are produced by chemical co-precipitation technology with FeCl 3 , ZnCl 2 , NaOH, HCl, and HNO 3 
Experimental Apparatus Figure of Field-Deduced Light Transmission
As shown in Figure 1 , a laser beam L produced by He-Ne laser irradiate spectroscope b, divided into two beams of light L 1 and L 2 . Beams L 1 go through the magnetic field (sample) with e 1 magnetic liquids in, then pass the adjustable polarizer c 1 , and expose to the silicon photocell f 1 . Beam L 2 directly go through the magnetic liquid e 2 (sample for reference), then pass the adjustable polarizer C 2 , and expose to the silicon photocell f 2 . Silicon photocell f 1 and f 2 convert the light signal strength of L 1 and L 2 , respectively, for the current intensity, which are input and analyzed by the computer, to get the intensity of laser beams L 1 and L 2 . The values of intensity of the I 1 , I 2 , are marked by silicon photocell electrical signal (mV for intensity value). To As ZnFe 2 O 4 is weak magnetic, its magnetization curve is linear, the initial susceptibility 
Field-Deduced Effect of Light Transmission for Sample ZnFe 2 O 4 Ferrofluids
At the experiment, sample ZnFe 2 O 4 ferrofluids is placed in the experiment device. It's 30s after transmitted light becomes stable, respectively, that 700Gs, 900Gs, 1100Gs and 1300Gs of magnetic field is coupled. It's observed that the intensity of transmitted light unchanged over time. Even when the magnetic field is removed from the 1200s, its light transmittance remains the same over time. As shown in 
Field-Deduced Effect of Light Transmission for Sample FeOOH Ferrofluids
Sample FeOOH Ferrofluids is placed in the experiment device. It's 30s after transmitted light becomes stable, respectively, 700Gs, 900Gs, 1100Gs and 1300Gs of magnetic field is coupled. The intensity of transmitted light is observed over time. Even when the magnetic field is removed from the 1200s, its light transmittance remains the same over time, as shown in Figure 4 . From the experiment, the moment the magnetic field is coupled to the sample FeOOH ferrofluids, the rates of light transmission increases greatly before it remain stable. When the magnetic field is removed, the light transmission returns to 1 quickly.
Field-Deduced Effect of Light Transmission for Sample FeOOH-ZnFe 2 O 4 Ferrofluids
Sample FeOOH-ZnFe 2 O 4 ferrofluids is placed in the experiment device. It's 30s after transmitted light becomes stable, respectively, 700Gs, 900Gs, 1100Gs and 1300Gs of magnetic field is coupled. The magnetic field is removed after the 1200s. The intensity of transmitted light is observed over time, as shown in Figure 5 .
From the experiment, the moment the magnetic field is coupled to the sample ferrofluids, the rates of light transmission increases greatly. The stronger the field, the more intensified the light transmission. When the magnetic field is removed, the light transmission drops and returns to 1 or so. 
Analysis of Field-Deduced Effect of Light Transmission for Sample ZnFe 2 O 4 Ferrofluid
From Figure 3 , it can be deduced that nanoparticles in ZnFe 2 O 4 ferrofluid don't form aggregate, under the effect of static magnetic, applied external magnetic field. That is because inherent magnetic moment of ZnFe 2 O 4 ferrofluid,  is smaller than 1 [7, 8] , which tends to the magnetic field but can't form aggregate or change the intensity of light transmission. External magnetic field removed, ZnFe 2 O 4 ferrofluid restores to the original state in Brownian motion and Neil rotating.
Analysis of Field-Deduced Effect of Light Transmission for Sample FeOOH Ferrofluids
From Figure 4 , the moment the magnetic field is applied to the sample FeOOH ferrofluids, the rates of light transmission increases greatly. When the magnetic field is removed, the light transmission returns to 1 quickly. Inherent magnetic moment of α-FeOOH ferrofluid,  is smaller than 1, applied external magnetic field, magnetic interaction between nanoparticles in ZnFe 2 O 4 ferrofluid can't form aggregate so as to cause magneto-optical effect. It can be deduced that the field-deduced effect of light transmission for sample FeOOH Ferrofluids is caused by α-FeOOH nanoparticles' optical anisotropy. α-FeOOH nanoparticles are in magnetic dielectric ellipsoid system of the cubic crystal system. External magnetic field applied, ellipsoid orientation order changes optical characteristic from the isotropic to anisotropic, which leads to the field-deduced light transmission [9, 10] . When the magnetic field is removed, the light . Magnetic interaction between nanoparticles in α-FeOOH and ZnFe 2 O 4 can't form aggregate so as to cause magneto-optical effect. The similarity of the effects proves the fielddeduced effect of light transmission for sample FeOOH-ZnFe 2 O 4 Ferrofluids is caused by α-FeOOH nanoparticles' optical anisotropy. Ellipsoid orientation order changes optical characteristic from the isotropic to anisotropic, which leads to the field-deduced light transmission. External magnetic field is applied, the nanoparticles is ferromagnetic or ferrous single domain nanoparticles of 10nmor so. Its interaction potential with the magnetic can be described as:
Of which  is the permeability. From the equation, under the influence the magnetic field, magnetic moment of the particles tends to the field direction. If α-FeOOH nanoparticles were rigid particles, the rotation of the magnetic moment would bring the rotation of the whole particles. As α-FeOOH is orthogonal crystal structure, whose dielectric constant is anisotropy, the rotation of the magnetic moment causes the change of dielectric constant, which leads to the change of the intensity of the light transmission. The rate of permeability can be referred as:
Of which is the permeability of vacuum, is the relative permeability of medium. In vacuum or nonmagnetic medium, is 1 [11, 12] . ZnFe 2 O 4 particle of FeOOH-ZnFe 2 O 4 binary ferrofluids can be regarded as the background of FeOOH nanoparticles [1] , which decreases the effective relative permeability. The particles are more likely to tend to the field direction, which makes the field-deduced dielectric properties change more obvious, and change of the light transmission intensity more impressive.
Conclusions
Experiment of field-deduced effect of light transmission for sample ZnFe 2 O 4 ferrofluids shows nanoparticles is weak magnetic. Nanoparticles can't form aggregate, they tend to be magnetic field directed. Nanoparticles are of the cubic lattice system and isotropic, wouldn't cause the change of intensity of light. External magnetic field removed, ZnFe 2 O 4 ferrofluids restores to the original state in Brownian motion and Neil rotating [13, 14] .
Experiment of field-deduced effect of light transmission for sample FeOOH ferrofluid shows nanoparticles is weak magnetic. When external magnetic field is applied, magnetic interaction between nanoparticles can't form aggregate. α-FeOOH nanoparticles are in magnetic dielectric ellipsoid system of the cubic crystal system. External magnetic field applied, ellipsoid orientation order changes optical characteristic from the isotropic to anisotropic, which leads to the field-deduced light transmission. External magnetic field removed, FeOOH dielectric ellipsoid restores to the balance in Brownian motion and Neil rotating.
Experiment of field-deduced effect of light transmission for sample FeOOH ferrofluid shows the field-deduced effect of light transmission for sample FeOOH-ZnFe 2 
